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A bstrac t : Giant magnetoimpedance (GMl) effect in positive magnctosinctive glass-coated amorphous Co8)2Mn7ftSi.^ »B,» microwire 
has been studied as a function of a dc magnetic field -140 < /y^ < 140 Oc and frequency O.l < 12.85 MHz. A maximum change of 43% 
in MI of the as-quenched sample has been observed around 5 MHz frequency. Heat treatment of the sample by passing a dc current of 
50 mA through it enhances the MI value to a large extent (maximum change -94%) by increasing the outer domain volume and inducing 
a transverse anisotropy. The magnetization of the as-quenched and heat-treated samples has also been studied to understand the domain 
structure and magnetoimpedance results.
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1. Introduction
The large change in magnetoimpedance (MI), called Giant 
magnetoimpedance (GMI), in low magnetostrictivc 
amorphous magnetic materials has recently been studied, 
extensively [1,2]. When an ac current lac is applied to such 
materials, their impedance changes sensitively with the 
change in biasing dc magnetic field, //^c- This property can 
be exploited for various applications such as in recording 
heads, micro-magnetic sensors and so on [3]. The field 
sensitivity o f GMI can be as high as 100%/Oe [4] which 
is m uch h igher than that observed  in G iant 
magnetoresistance (usually less than 1%/Oe).
The origin o f GMI is different in various frequency 
regions o f the exciting ac current [2,5]. At low frequencies 
(•-kHz) of the ac current, the field dependence o f GMI is 
attributed to the inductive term of impedance Z = /?
The time varying ac current produces a circular magnetic 
field that tends to change the corresponding component 
of magnetization. As a result, a voltage at the end o f the 
sample is induced. With the application o f a dc magnetic
field, this induced voltage and hence the inductance of the 
sample changes. If the frequency of the ac current is 
increased to MHz region, eddy current is developed and 
the ac current flows through a thin sheath near the surface 
of the sample due to skin effect [6]. The skin effect 
penetration depth S  is given by
5 = -
1
1/2 (1)
where / ,  Utp and are respectively the frequency, 
circumferential permeability and conductivity of the sample. 
At a particular frequency, the application of a dc magnetic 
field changes the circumferential permeability and hence 
the penetration depth S  which in turn changes the magneto­
impedance until the value of S  reaches the radius of the 
sample. In this frequency region where radius of the 
sample is much larger than the skin depth S, both resistance 
and inductive component o f total impedance Z depend on 
the permeability and contribute to the change in Z with 
magnetic field!
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The Co or Co-Fe based wire shaped samples with low 
magnetostriction coefficient are the prime candidate for 
generating GMI. These wire shaped samples consist of a 
single-domain core having magnetization direction closely 
parallel to the wire axis and a multi-domain external shell 
with transcversely oriented magnetization (radial and circular 
for positive and negative magnetostrictive samples 
respectively). Recently, glass coated amorphous microwires 
with 10- 25 pm diameter have drawn tremendous interest 
from the researchers because of their many useful magnetic 
properties such as their bistable hysteresis loop and large 
magnetoimpedance [5]. These microwires are found to be 
more promising for several applications compared to wires 
and ribbons because of their tiny dimensions, superior 
magnetic properties and protective glass coating. Very 
recently, GMI effect has been reported in a low positive 
magnetostrictive glass-coated C083.2Mn7.6Si5.8B3 3 microwire
[5].
Though the change in magnetization and transeverse 
permeability in the outer domains of the samples due to 
the application of a dc magnetic field is considered to be 
the main reason for GMI [2], no clear experimental evidence 
has been reported yet. To verify it, glass-coated 
Cog3 2Mn7 5815.883 3 microwire has been heat treated by 
passing a dc current of 50 mA through it. This heat 
treatment increases the outer domain volume and hence 
the GMI value by inducing a transverse anisotropy. The 
magnetization of the as-quenched and heat-treated sample 
has been measured for better understanding of GMI results.
2. Experimental
Glass coated am orphous m icrow ires o f  nom inal 
compositions Co83.2Mn7 5815883 3 were prepared by Taylor- 
Ulitovsky method [5]. An X-ray diffractometer (8iemens, 
Diffractometer-D5000) was used to check tlie amorphocity 
of the samples. The diameter o f the metallic part of the 
sample, measured by an optical microscope, is about 18 
pm and the thickness o f the insulating glass coating is 
appoximately 6 pm . A 12 cm long sample was used for 
the experiment. The impedance of the sample was measured 
by a spectrum/network analyzer (Hewlett Packard, 3589 A, 
10 Hz-150 MHz) which was connected to a computer data 
acquisition system. An ac current o f 1 mA was passed 
through the sample. The frequency o f the ac current was 
varied from 0.1 MHz to 12.85 MHz. A Helmholtz coil 
system was used to apply a dc magnetic field along the 
axis o f the sample during impedance measurement. The 
axis o f the sample was kept perpendicular to the direction 
o f the earth’s magnetic field. The sample was heat-treated 
(hence forth termed annealed) by passing a 50 mA dc
current for different time durations, tan -  5, 10, 15 and 25 
min. The percentage change of Ml with applied magnetic 
field is
AZ (%) = 100x
Z { H ^ ) (2)
where = 140 Oe, the maximum applied magnetic field. 
The hysteresis loops o f as-quenched and annealed 
microwires were measured by induction method using a 
flux meter (Walker Scientific, MF3A).
3. Results and discussion
The field dependence o f MI is shown in Figure 1(a) and 
(b) at 3.5 and 12.85 MHz frequency respectively with 1 mA
F ig u re  1. The varia tion  o f  p e rcen tage  change  o f  m agnetoim pedaoce 
AZ/Z(% ) w ith dc m agnetic field  o f  the as-quenched and  annealed 
15min) sam ple with 1mA ac current a t (a) 3.5 M H z and (b) 12.85 
M Hz frequency.
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ac current. At frequency,/ =  3.5 MHz (Figure 1(a)), the 
as-quenched sample shows single peak MI profile with the 
peak value [AZ/Z(%)] max at Hdc ~0. The Ml value increases 
drastically on annealing the sample by passing a dc 
current = 50 mA. Maximum increase in MI value is 
observed when it is annealed for ta»= 15 minutes and the 
corresponding two peak MI profile at /  = 3.5 MHz with 
[AZ/Z(%)]™x -94%  is also shown in Figure 1(a). At 12.85 
MHz (Figure 1(b)), the as-quenched sample shows two 
peak behaviour with much reduced MI value ([AZ/Z(%)],„4 
- 8%). On annealing the sample with = 50mA for differenl 
time durations, the peak value does not change mucii 
beyond 8 MHz.
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F igure 2. The variation o f maximum percentage change in 
magnetoimpedance (fe., the peak value of GMI), [AlJZ{%)]rnmx with 
frequency of the as>quenched and annealed samples.
Figure 2 shows the frequency dependence of the MI 
peak value, [AZ/Z(%)]„«x of the as-quenched as well as the 
annealed sample. At frequencies below 1 MHz, the MI 
value o f the as-quenched sample is small. From the value 
of average transverse permeability ~ 10\  the skin depth 
estimated from eq, ( 1) is comparable with the radius of the 
microwire when the frequency of the current is 1 MHz. 
This qualitatively explains the observed GMI due to skin 
depth above 1 MHz as shown in Figure 2 for the as- 
quenched sample. The field response o f GMI of the as- 
quenched sample is maximum (-43%) around 5 MHz. The 
field response o f GMI is improved when the sample is 
annealed with a dc current /«„ = 50mA. On annealing, MI 
value changes to a large extent even below IMHz (Figure
2) and the experimental results corresponds to = 15 min 
show the best response with [AZ/Z(%)]mw --94% at 3.5 
MHz.
The dc axial hysteresis loop o f the as-qucnched sample 
is shown in Figure 3. A sudden large change in
magnetization at very low field and a slow increase in 
magnetization at higher field is observed [7]. The hysteresis
Figure 3. Hysteresis loops of the as-quenched and annealed sample (/^ 
* 50mA and ~ 25 min).
loop of the same sample annealed for 25 min with 
Ifl„ = 50mA has also been plotted in the same Figure. On 
annealing the sample, the initial jump in magnetization is 
reduced.
As mentioned before, the large change in MI in very 
low magnetostrictive amorphous magnetic materials is 
because of the change in penetration depth, S  due to the 
change in tranverse permeability according to the eq. ( 1) 
by an external dc magnetic field H^c [8]. The hysteresis 
loop and domain structure of the microwire suggests two 
permeability peaks [9] against magnetic field, one at the 
switching field of the inner core domain and the other near 
the anisotropy field of the outer shell. These two maxima 
in transverse permeability should give rise to two MI 
peaks on both sides of 0. At lower frequencies, the 
anisotropy field is close to the switching field and the two 
peaks from the two domain regions can not be distinguished. 
As a result of it, single peak Ml behaviour is observed 
(Figure 1) with the peak value at as the switching 
field of the microwire is very small (-70mOe). With the 
increase in frequency of the ac current, the anisotropy 
field of the outer shell shifts more towards the higher field 
compared to the switching field as the domain wall 
displacement in outer shell is more affected by increase in 
frequency than the moment rotation in the inner domain
[10]. This explains the higher values of /^Hp, the seperatton 
between two peaks, at higher frequencies (Figure 1(b)).
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As the annealing current generates a circular magnetic 
field during heating, a transverse anisotropy is developed 
within the sample resulting an increase in outer domain 
volume with magnetization direction perpendicular to the 
wire axis. As a result, the GMI value increases (Figure 1). 
The magnetostriction coefficient A, can be estimated using 
the expression A, = {jiJ4J'i){dH klda) and considering that 
the GMI peaks appears at the anisotropy field Hk. Taking 
fjjds -  0.7 T, the value o f A, for the sample annealed for 
15 min is X lO"’.
4. Conclusions
Glass-coated amorphous microwire with nominal composition 
Co8j.2Mn7,4Si5 sBj.3 and low positive magnetostriction 
coefficient are found to show giant magnetoimpedance 
effect in the range 1-S MHz frequency. A maximum change 
of 43% in MI of the as-quenched sample has been 
observed at 5 MHz frequency. Heat treatment of the 
sample by passing a dc current of 50 mA through it 
enhances the MI value (maximum change ~94%) by 
increasing the outer domain volume and inducing a 
transverse anisotropy. In case of as-quenched sample, the 
maximum value of MI is observed at -0  when measured 
at frequency /  < 8 MHz beyond which two peak MI 
profile is seen. The heat treated sample shows this two 
peak behaviour from a much lower frequency (below 1 
MHz) and additional peab at //* ~ 0  for/ >  10 MHz. The
GMI results can be explained considering the skin effect 
at high frequency and die change in transverse permeability 
and hence the penetration depth with the change in 
applied dc magnetic field.
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